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POLYENIC  ANTIFUNGAL  ANTIBIOTICS:  SYSTEMATICS  OF  PRODUCERS 

Thomas  G.  Pridham  and  Allister  J,  Lyons 
Northern  Regional  Research  Laboratory 
Peoria,  Illinois  61604,  U.S.A. 

Polyenic  antifungals  continue  to  elicit  the  interest  of  antibiotic 
researchers  because  of  their  high  activity  against  yeasts  and  molds  and 
because  there  is  continuing  need  for  nontoxic,  systemic  antifungals  for 
medical  or  nonmedical  purposes.  Consequently,  a  study  was  made  to 
clarify  some  of  the  confusing  nomenclature  associated  with  these  materials, 
as  well  as  to  summarize  and  update  the  systematics  of  the  producing 
microorganisms .  Based  on  available  information,  a  key  has  been  prepared 
by  which  some  strains  producing  documented  materials  can  be  identified. 
Hopefully,  this  key  brings  the  systematics  of  the  producing  microorganisms 
into  a  better  perspective. 

Although  much  chemical  and  physical  data  on  polyene  antifungal 
antibiotics  has  been  brought  together,  collated,  and  reviewed  with 
periodic  publication  (Akai  et  al . ,  1956,  1963;  Berdy,  1974;  Boyd,  1961; 
Drouhet,  1963;  Dutcher,  1968;  Hamilton -Miller,  1973;  Khokhlova  et  al . , 

1966;  Kinsky,  1967;  Klimov  and  Litvinova,  1968;  Mechlinski,  1973;  Misato 
and  Yonehara,  1968;  Oroshnik  and  Mebane,  1963;  Perlman,  1967;  Vining, 

1960;  Waksman  et  al, ,  1965;  and  Yajima,  1955),  there  has  been  no  extensive 
study  published  on  the  systematics  of  the  microorganisms  which  produce 
these  interesting  materials  other  than  the  review  of  Arai  and  Mikami 
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(1969)  which  includes  both  polyenic  and  nonpolyenic  antifungal  antibiotic 
producers „ 

Current  information  indicates  that  screening  for  polyenic  antifungal 
antibiotics  still  is  underway,  new  ones  continue  to  be  announced,  and 
new  techniques  have  been  developed  in  efforts  to  exploit  their  remarkable 
antiyeast,  antimold,  and  antiprotozoal  activity,  Perlman  (1970)  has 
indicated  that  one  of  the  antibiotic  needs  of  the  future  is  for  less 
toxic,  systemic  antifungals,  Conover  (1971)  has  listed  eight  useful 
antifungal  antibiotics.  Of  these,  six  are  polyenes:  amphotericin  B, 
candicidin,  hamycin,  nystatin,  pimaricin,  and  trichomycin,  Conover 
further  states  that  microbial  metabolites  as  antifungal  drugs  will  play 
a  continuing  major  role  in  chemotherapy.  New  uses,  including  use  of 
various  derivatives,  have  been  discovered  for  polyene  antibiotics,  e0g, , 
treatment  of  acney  reduction  of  sperm  levels  in  a  male  host,  virucidal 
activity,  alteration  of  lipid  metabolism,  control  of  prostate  hypertrophy, 
and  effect  on  absorption  of  sterols  (Bonner  et  al , ,  1972,  1973;  Bruzzese 
e£  al. ,  1972;  Chirigos  et  al. ,  1973;  Dahlberg  et  al , ,  1973;  Fisher  et 
al, ,  1973;  Fu  et  al . ,  1973;  Gordon,  1973;  Gordon  and  Schaffner,  1971, 

1973,  1974;  Julius  Schmid  Inc,,  1970;  Lechevalier  et  al , ,  1961;  Mechlinski 
and  Schaffner,  1972;  Muftic,  1968;  Schaffner  and  Borowski,  1961;  Schaffner 
and  Gordon,  1974;  Schaffner  and  Mechlinski,  1972;  Siegel  et  al , ,  1973; 
and  Vandeputte,  1973),  Accordingly,  it  is  apparent  that  interest  in 
polyenic  antifungal  antibiotics  will  continue. 
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The  number  of  polyenic  antifungal  antibiotics  reported  in  the 
literature  is  quite  large  and  growing.,  Some  of  these  are  referred  to 
only  incidentally  with  little  or  no  information  on  isolation,  purification, 
and  characterization.  Many  have  not  been  named  but  have  been  given 
letter  and  number  designations.  Some  have  been  renamed  a  number  of 
times  for  various  reasons.  It  is  apparent  that  quite  a  few  initially 
are  regarded  or  represented  as  single  entities.  However,  continued 
chemical  and  physical  study  points  out  that  original  presumed  single 
entities  are,  in  fact,  complexes  or  mixtures.  For  example,  filipin, 
originally  indicated  as  a  single  entity,  now  must  be  considered  a  complex 
of  at  least  15  separate  pentaenic  components  (Bergy  and  Eble,  1968),  and 
the  recently  reported  antibiotic  DJ-400  complex  consists  of  at  least  12 
heptaenic  components  (Siewert  and  Kieslich,  1971),  Consequently,  as  has 
happened  with  the  terms  "actinomycin,"  and  "streptothricin,"  the  use  of 
some  polyene  names,  e.£. ,  "filipin,"  "hamycin,"  "trichomycin,"  and 
"candicidin"  has  lost  some  precision  of  meaning. 

The  production  of  polyene  antifungal  antibiotics  appears  to  represent 
a  unique  property  of  strains  of  streptomycetes  and  streptoverticillia 
among  the  bacteria.  We  have  found  documentation  for  the  biosynthesis  of 
such  compounds  by  strains  of  only  four  other  genera  of  Actinomycetales , 

Of  these  genera,  Chainia  Thirumalachar  already  has  been  transferred  to 
the  genus  Streptomyces  Waksman  and  Henrici  (Pridham,  1970),  Chainia  has 
been  a  controversial  genus  since  its  proposal.  Despite  the  controversy, 
chainiae,  if  not  streptomycetes  per  se,  are  very  closely  related  to 


these  organisms .  (See  Lechevalier  et  al„,  1973  and  Cross  and  Goodfellow, 
1973) .  The  strains  of  Actinosporangium  producing  genimycin  and  hepcin 
(Severinets  et  als,  1970;  Tsyganov  et  al . ,  1971)  are  in  similar  controversial 
positions  as  Chainia. 

And s  Kitasatoa  Matsumae  et  al.  (Matsumae  et  al. ,  1968)  contains  a 
species  K.  kauaiensis  Matsumae  et  al_.  which  reportedly  is  characterized 
by  the  formation  of  sporangia  containing  monoflagellate  zoospores.  Our 
examination  of  strains  of  several  species  of  this  genus  indicates  marked 
resemblance  to  streptomycetes.  The  results  of  cell-wall  analyses  show 
the  presence  of  L-diaminopimelic  acid,  and  we  suspect  other  analyses 
will  show  absence  of  arabinose,  galactose,  and  mycolic  acids,  absences 
characteristic  of  streptomycetes  and  streptoverticilliao  It  may  be  that 
Matsumae  and  his  colleagues  have  discovered  another  streptomycete 
exhibiting  a  homothallic  sexual  stage  much  as  Nakazawa  has  reported  for 


Nakazawa  and  Fujii  (Nakazawa,  1966)0  In  any 


event,  Kitasatoa  kauaiensis,  strains  1-377  and  KA-281  have  been  found 
to  produce  the  hexaene  antifungal  polyene  fxadicin,  along  with  chloramphenicol, 
bottromycin  k^  and  bottromycin  B  (Abe  and  Hata,  1968;  Matsumae  et  al  0 , 

1968;  Hata  et  al . ,  1972;  Matsumae,  1974). 

The  fourth  presumed  non- streptomycete ,  non-streptoverticillium  taxon  for 
which  production  of  a  polyenic  antifungal  antibiotic  is  reported  is 
Actinoplanes  caeruleus ,  strain  NRRL  5325  (Wagman  et  al . ,  1974) .  It 
would  be  of  interest  to  learn  the  results  of  cell-wall  compositional 
analyses  for  this  strain  in  view  of  our  comments  below. 
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Also,  it  is  of  interest  to  note  that  not  all  polyenes  produced  by 
Actinomycetales  exhibit  antifungal  activity  as  their  principal  activity „ 

Thus,  limocrocin,  a  heptaene  produced  by  Streptomyces  limosus  Lindenbein 
(Brockmann  and  Grothe,  1953;  Brockmann  and  May,  1955;  Brockmann  et  al. , 

1969) ;  ochramycm,  an  octaene  produced  by  Streptoverticillium  orinoci 
Cassinelli  et  al .  (Cassinelli  et  al. ,  1966) ;  tetrenolin,  a  tetraene 
produced  by  Micropolyspora  venezuelensis  Thiemann  (Gallo  et  al . ,  1969) ; 
and  oleficin,  produced  by  Streptomyces  parvullus  Waksman  and  Gregory 
(Gyimesi  et  al.,  1971)  all  are  unique  in  that  they  exhibit  activity 
primarily  against  Gram-positive  bacteria  and  not  against  molds  or  yeasts. 

So  far  as  we  have  determined,  no  other  bacteria  produce  polyene  antifungals. 
The  one  exception  is  a  triene  reportedly  produced  by  a  non- Actinomycetales , 
Bacillus  licheniformis  subsp,  mesentericus  (Nesemann  et  al_. ,  1972) . 

One  might  speculate  that,  somehow,  the  production  of  these  antifungal 
polyenes  may  be  related  to  the  unusual  cell -wall  composition  of  the 
producing  agents,  i_.£. ,  the  presence  of  L-diaminopimelic  acid  and 
absence  of  mycolic  acids.  Most  other  bacteria  contain  the  meso  and/or 
D  isomer  of  diaminopimelic  acid. 

We  have  been  accumulating  data  on  the  producers  of  antifungal 
polyene  antibiotics  for  some  time  and  have  been  collating  the  information. 

As  a  start  in  analyzing  the  systematics  concerned,  we  have  categorized 
the  producing  organisms  into  species  based  on  concepts  advanced  in 
Pridham  et  ad.  (1965) ,  Pridham  and  Lyons  (1969) ,  and  Pridham  (1974) . 

These  concepts  involve,  at  a  minimum,  only  the  determination  of  ornamentation 
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of  spore  walls  or  spore  sheaths  by  transmission  electron  microscopy  and 
determination  of  morphology  of  chains  of  spores  for  speciation.  Further 
characterization,  the  results  of  which  are  subject  to  a  greater  degree 
of  variation,  includes  determination  of  the  chromogenic  nature  (formation 
of  brown,  deep  brown,  or  black  diffusible  pigments)  of  strains;  determination 
of  the  ability  of  strains  to  use  selected  carbon  compounds  for  growth  in 
a  chemically  defined  medium;  and  determination  of  the  color  of  mature 
sporulating  aerial  mycelium  of  strains  in  that  order  of  confidence  and 
reliability .  We  believe  these  three  latter  criteria  are  best  used  as 
aids  in  establishing  or  determining  subspecies .  Antibacterial  antibiotic 
identities  and  associated  antifungal  antibiotic  identities  seem  to 
provide  the  most  precise  information  that  can  be  used  effectively  in 
collating  other  characteristics  to  arrive  at  the  most  accurate  specific 
and  subspecific  identifications „  Except  for  antibiotic  identification, 
these  criteria  mentioned  are  most  of  those  used  in  the  International 
Streptomyces  project „ 

After  much  laboratory  and  literature  study,  we  seriously  doubt  that 
the  degree  of  precision,  reproducibility,  and  accuracy  implied  in 
published  keys  and  descriptions  can  be  used  in  a  practical  and  meaningful 
way„  Many  of  the  so-called  "differences”  based  on  morphology,  cultural 
characteristics,  and  physiological  characteristics  that  have  been  used 
to  establish  "new  species"  most  likely  are  expressions  of  variation 
within  a  species  or  subspecies „  The  main  problem,  in  our  view,  is  the 
development  of  rapid,  simple,  and  accurate  methods  to  precisely  identify 
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antibacterial  antibiotic  (s)  produced  by  given  strains .  As  an  additional 
criterion,  identification  of  antifungal  antibiotics  produced  by  given 
strains  is  helpful.  In  a  continued  attempt  to  resolve  the  main  problem, 
we  have  carried  out  a  literature  and  laboratory  study  of  a  number  of 
strains  reported  to  produce  polyenic  antifungal  antibiotics.  The  non¬ 
availability  of  strains  and  lack  of  information  on  antibacterial  antibiotic 
identities  has  hampered  effective  collation  of  data.  Nevertheless,  we 
believe  the  key  to  species  (Table  3)  presents  information  that  can  be 
used  more  effectively  and  precisely  than  has  been  the  case  in  the  past. 

We  are  endeavoring  to  fill  in  the  missing  information  as  rapidly  as 
strains  and  information  are  obtained.  It  should  be  noted  that,  most 
likely  quite  a  few  of  the  strains  referred  to  in  Table  1  have  been 
discarded  or  lost  and  definitive  information  on  their  systematics  or  on 

the  precise  chemical  nature  of  the  compounds  produced  may  never  be 

obtained. 

Numerous  polyene  antibiotics  are  documented  in  the  literature 
(Table  1) .  Many  have  been  given  only  letter  and/or  number  designations . 

It  is  apparent  that  a  great  many  strains  producing  named  polyene  antibiotic 
also  exhibit  antibacterial  activity.  Many  of  these  activities  remain  to 
be  identified.  Although  the  producing  strains  can  be  assigned  specific 
epithets  based  on  our  concepts,  they  cannot  be  assigned  to  subspecies 
until  more  precise  information  on  the  nature  of  the  antibacterial  activitie 
is  obtained. 


Table  1  is  a  list  of  the  documented  polyeneic  antifungal  antibiotics 
arranged  in  alphabetical  order  along  with  other  pertinent  information,, 

Table  2  is  an  analysis  of  most  of  the  named  polyenes  with  reference  to 
their  production  by  particular  species  of  streptomycetes  and  streptoverticillia 
as  set  forth  in  Pridham  (1974) .  Table  3  is  a  key  to  identification  of 
the  producing  microorganisms  based  on  the  latest  available  data  obtained 
from  the  literature  and  from  our  laboratory  studies. 


Tables  1-3 


TABLE  1 »  Polyene  antifungal  antibiotics 
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Materials  initially  assigned  number  designations  may  be  accompanied  by  one  or  more  of  the  following  prefixes: 
"antibiotic*"  "preparation*"  "material*"  "compound,"  or  "substance."  For  this  compilation  these  prefixes  have 
been  changed*  where  possible,  to  indicate  the  general  polyenic  classification  of  the  antibiotic,  ,  "hexaene 
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